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Abstract. In view of the rapid spread of COVID-19 and the high
mortality rate of severe cases, reliable risk stratifying indicators
of prognosis are necessary to decrease morbidity and mortality.
The aim of the present study was to evaluate the value of serum
amyloid A (SAA) and carcinoembryonic antigen (CEA) as
prognostic biomarkers in comparison to other predictors, inclu-
ding C-reactive protein (CRP) and ferritin levels. This study
included 124 patients diagnosed with COVID-19, and they
were assigned to one of two groups: Mild and severe, based on
the severity of the infection. Radiological and laboratory inves-
tigations were performed, including evaluation of CRP, ferritin,
D-Dimer, SAA and CEA levels. Significantly higher levels of
CRP, ferritin, D-Dimer, SAA and CEA were observed in severe
cases. SAA was significantly correlated with CRP (r=0.422,
P<0.001), ferritin (r=0.574, P<0.001), CEA (r=0.514, P<0.001)
and computed tomography severity score (CT-SS; r=0.691,
P<0.001). CEA was correlated with CRP (r=0.441, P<0.001),
ferritin (r=0.349, P<0.001) and CT-SS (r=0.374, P<0.001).
Receiver operator characteristic (ROC) curves for performance
of SAA, CEA, ferritin, CRP and SAA showed the highest AUC
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value of 0.928, with a specificity of 93.1%, and a sensitivity
of 98.5% at a cut-off of 16 mg/l. The multi-ROC curve for
SAA and ferritin showed 100% specificity, 100% sensitivity
and 100% efficiency, with an AUC of 1.000. Thus, combining
SAA and ferritin may have guiding significance for predicting
COVID-19 severity. SAA alone showed the highest prognostic
significance. Both SAA and CEA were positively correlated
with the CT-SS. Early monitoring of these laboratory markers
may thus provide significant input for halting disease progres-
sion and reducing mortality rates.

Introduction

Coronavirus disease 2019 (COVID-19) is caused by severe acute
respiratory coronavirus 2 (SARS-CoV-2) (1). SARS-CoV-2 has
led to a serious pandemic worldwide and has become a burden
borne by health care systems since its first outbreak in Wuhan,
China, in 2019 (2).

With the rapid spread of COVID-19 worldwide, researchers
are working on the development of vaccines and effective
therapeutics; however, the number of new cases and deaths
continues to increase at unfavorable rates (3,4). In view of the
high mortality rates of severe cases, rapid reliable risk stratifi-
cation tools and sensitive indicators of prognosis are urgently
required for timely disease monitoring and efficient interven-
tions targeting the reduction of morbidity and mortality (5).

The initial clinical picture of several patients with COVID-19
appears to be non-specific. Patients may present with minimal
symptoms and no radiological abnormalities. In certain cases,
rapid disease progression may occur, leading to acute respira-
tory distress syndrome (ARDS), multiple organ failure and even
death (4,5). A cytokine storm has been identified in several studies
as a key factor causing COVID-19 exacerbation or mortality (6).
Several inflammatory factors, coagulation parameters and
cytokines have been proposed as potential biomarkers of disease
progression, occurrence of cytokine storm and severity (7).

Serum amyloid A (SAA) is an important potential
biomarker. SAA is a highly conserved acute-phase protein
primarily produced by the liver in response to inflammatory
cytokines such as IL-6, IL-1, TNF, IFN-y and TGF-. SAA
levels are associated with the severity of inflammation (8).
In addition, SAA is the precursor of the amyloid A protein,
which is a fibrillar, insoluble product that is deposited in major
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organs, thus contributing to organ failure and death during the
course of secondary amyloidosis (9).

Another important potential biomarker is carcinoembry-
onic antigen (CEA); a glycoprotein formed in the respiratory
and colonic epithelium during embryogenesis, and it has been
widely utilized as a tumor marker to monitor tumor progres-
sion (10). CEA is related to respiratory or digestive cancers
and infectious diseases, such as gonorrhea, or chronic inflam-
matory diseases such as interstitial lung diseases (ILD) (11).
Immunohistochemical staining of lung specimens from
patients with pulmonary fibrosis demonstrated strong expres-
sion of CEA in the metaplastic bronchiolar and type II alveolar
epithelia (12). Significant hyperplasia of type Il alveolar epithe-
lial cells and interstitial fibrosis have been described in several
reports of COVID-19 autopsies and biopsies, similar to the
pathological changes observed in ILD (13).

In the present study, SAA and CEA were evaluated as
potential prognostic biomarkers in comparison to other
commonly used inflammatory predictors, including C-reactive
protein (CRP) and ferritin, and their association with the
severity of COVID-19 and CT scan findings, and whether they
may be a beneficial tool for patient stratification was assessed.

Materials and methods

Patients. This cross-sectional study included 124 patients diag-
nosed with COVID-19 enrolled from the Ain Shams University
Isolation Hospital (Cairo, Egypt). In this study cohort, the median
age was 48 years and the 25-75th IQR was 40-56 years (age range,
25-87 years). A total of 10 patients were >65 years old, constituting
8% of the entire cohort. Of the 124 cases, 98 (79%) were men
and 26 were women (21%). The median male age was 48.5 years
(IQR, 40-54) and the median female age was 44.5 years (IQR,
35-57). Data were collected from hospitalized patients between
September 2020 and February 2021. Patients were diagnosed and
categorized into mild and severe groups according to the World
Health Organization interim guidelines (14).

A definite COVID-19 case was identified as a positive
result using sequencing or reverse transcription-quantitative
PCR (RT-gPCR) of nasopharyngeal swabs.

The patients were classified into 2 groups: i) Mild group, had
clinical symptoms of fever, fatigue, cough, anorexia, malaise,
muscle pain, sore throat, dyspnea, nasal congestion and/or
a headache; and ii) Severe group, had respiratory distress, a
respiratory rate of =30 breaths/min at resting state, a mean
oxygen saturation of <93% and an arterial blood oxygen partial
pressure (PaO2)/oxygen concentration (FiO2) of <300 mmHg.

The exclusion criteria were as follows: i) Patients infected
with other viruses or bacteria; ii) patients diagnosed with
autoimmune disorders; iii) patients diagnosed with arthritic
diseases and iv) patients with cancer and/or any chronic
disease related to elevated CEA and/or SAA levels, such as
chronic kidney disease (15).

Ethical considerations. This study was conducted in accordance
with the principles outlined in the Declaration of Helsinki of
the World Medical Association (16). The study was approved
by the Institutional Ethics Committee of Ain Shams University.
Informed consent was obtained from all enrolled participants
after receiving an explanation of the study's aim and procedures.

Methods. The recruited cohort consisted of 124 patients
diagnosed with COVID-19 at the Ain Shams University
Hospital. A detailed history was obtained for all patients,
with a particular emphasis on age, sex, duration of disease
and clinical symptoms. Data from routine investigations
were retrieved, including liver enzyme levels [alanine trans-
aminase (ALT) and aspartate transaminase (AST)], kidney
function tests [blood urea nitrogen (BUN), creatinine], inflam-
matory parameters (CRP, ferritin) and D-Dimer levels, in
addition to complete blood count (CBC), hemoglobin, white
blood count (WBC), neutrophil count, lymphocyte count and
platelet (PLT) count (15).

Detection of viral RNA was performed using the
CerTest ViasureVR SARS-CoV-2 RT-qPCR Detection kit
(CerTest, Biotec) according to the manufacturer's instruc-
tions. The detection was performed in a one-step real-time
reverse-transcription format, where the reverse transcription
and subsequent amplification of a specific target sequence
occurred in the same reaction well. The isolated RNA target
was transcribed to generate cDNA using the included reverse
transcriptase, followed by the amplification of a conserved
region of the open reading frames (ORF) 1 ab and N genes for
SARS-CoV-2 using specific primers and a fluorescent-labelled
probe, all of which were included in the kit. The assay has
a 97.5% sensitivity and >99.9% specificity. The average esti-
mated limit of detection for SARS-CoV-2 was 18 copies/ml.

Blood samples from PCR-positive patients were obtained,
left to clot completely, and centrifuged at 3,000 x g for 20 min
at 4°C, and stored at -80°C until required. SAA level analysis
was performed using the Invitrogen human SAA ELISA kit
(cat. no. EHSA AL, Invitrogen; Thermo Fisher Scientific, Inc.).
The detection limit of this assay is 0.004 mg/l. CEA serum
concentrations were assayed using a Cobas e411 immunoassay
autoanalyzer (Roche Diagnostics GmbH).

Computed tomography (CT). All patients underwent
non-contrast-enhanced chest CT in the Radiology Department
of Ain Shams University, which was performed by expert radi-
ologists using a Siemens 16-channel scope (CTAWP92544;
Siemens Healthineers). The following CT parameters were
evaluated: COVID-19 Reporting and Data System (CO-RADS)
score based on CT findings (17): i) The CO-RADS score
represents the level of suspicion of COVID-19. CO-RADS 1,
COVID-19 is highly doubtful, CT is normal, or findings
representing a non-infectious disease; CO-RADS 2, low level
of suspicion of COVID-19 infection, CT findings consistent
with other infections; CO-RADS 3, COVID-19 infection
is indeterminate and unsure whether CT abnormalities are
caused by COVID-19; CO-RADS 4, high suspicion level, and
most CT findings are not extremely typical; CO-RADS 5, high
level of suspicion with typical CT findings. ii) Semi quanti-
tative scoring system: A quantitative estimate of pulmonary
involvement based on abnormalities in the areas involved.
The CT-severity score (CT-SS) is based on the extent of lobar
involvement. Each of the five lung lobes was visually scored
from 0-5 as follows: 0, no involvement; 1, <5% involvement;
2, 5-25% involvement; 3, 26-49% involvement; 4, 50-75%
involvement; and 5, =75% involvement. The total CT score
was the sum of individual lobar scores and ranged from 0 (no
involvement) to 25 (maximum) (18).
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Table I. Demographics and baseline clinical, laboratory and radiological parameters of the COVID-19 patients.

Interquartile range

Parameters Value Range 25th percentile 75th percentile

Age, years 48 25-87 40 56

Sex, n (%) - - -
Male 98 (79)
Female 26 (21)

Clinical parameters
Duration of disease, days 7 1-14 4 10
Fever, n (%) 118 (95.2) - - -
Cough, n (%) 108 (87.1) - - -
Loss of smell and taste, n (%) 14 (11.3) - - -
Dyspnea, n (%) 74 (59.7) - - -
Respiratory distress, n (%) 39 (31.5) - - -
Diarrhea, n (%) 8 (6.6) - - -

Laboratory parameters
White blood cell count, 109/1 69 2.6-17 4.3 10.3
Neutrophil count, 109/1 45 1.5-13.6 2.82 7.2
Lymphocyte count, 109/1 1.22 0.46-4.38 0.841 1.6
Platelet count, 109/1 232 50-649 191 295
Hemoglobin, g/dl 14.2 8.0-17.6 13 15.1
Blood urea nitrogen, mg/dl 14 7.5-46 11.7 19.2
Creatinine, mg/dl 0.8 047-7.5 0.7 1.04
Aspartate transaminase, U/l 26 12-116 17 43
Alanine transaminase, U/l 32 11-346 16 54
C-reactive protein, mg/1 43 1.8-4440 18 161.3
Ferritin, ng/ml 361 24-2.450 203.75 839.75
D-Dimer, ng/ml 500 90-6088 300 1200
Serum amyloid A, mg/1 22.5 3-90 10 49
Carcinoembryonic antigen, ng/ml 6 3-18 5 9

Radiological parameters
CO-RADS score 3 0-5 1 4
Computed tomography-severity score 8.5 0-25 3 16

CO-RADS, COVID-19 Reporting and Data System.

Statistical analysis. Statistical analysis was performed
using SPSS version 25.0 (IBM Corp.). Continuous variables
are presented as the median and interquartile range (IQR),
whereas categorical variables are presented as the number (n)
and percentage (%) of patients. A Wilcoxon rank sum test
was used to evaluate differences between groups. A y? was
used for analysis of sets of categorical data, and a Spearman's
rank correlation test was used to measure the degree of
correlation between the hierarchically ordered variables in
this study. A multivariate regression analysis was performed.
The selection of independent variables as potential predictors
of COVID-19 severity and CT-SS included age, duration of
disease, CBC (WBC, neutrophil, lymphocyte, PLT, monocyte,
eosinophil count and hemoglobin), creatinine, AST, ALT,
BUN, CRP, ferritin, D-Dimer, CEA and SAA. Stepwise
multivariate-regression analysis was performed including

for all studied items as independent variables (Model-1). The
regression was re-run using only the most significant items
with exclusion of the non-significant items iteratively. The least
sensitive predictors for the model had the highest F-ratio and
the lowest P-value. P<0.05 was considered to indicate a statisti-
cally significant difference. Receiver operating characteristic
(ROC) curves were used for predictive analysis by calculating
the area under the curve (AUC), sensitivity and specificity.

Results

A total of 124 patients whose RT-qPCR tests for COVID-19
were positive were recruited, their baseline demographics,
clinical characteristics, laboratory, radiological CO-RADS
score and CT-SS parameters are summarized in Table I,
including age, duration of disease, symptoms, laboratory
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Table II. Comparison between mild and severe COVID-19 patients.

2

Parameter Mild, n=58 Severe, n=66 Z X P-value Significance

Age, years (IQR) 43 (35-52.5) 50 (43-56) -324 288 <0.001 HS

Sex, n (%) >0.05 NS
Male 42/58 (72.4) 56/66 (84.8)
Female 16/58 (27.6) 10/66 (15.2)

Clinical parameters
Duration of disease, days (IQR) 5 (4-9) 8 (6-11) -3.7 <0.001 HS
Fever, n (%) 52 (89.7) 66 (100) 7.175 <0.05 S
Cough, n (%) 48 (82.7) 60 (90.9) 1.825 >0.05 NS
Loss of smell, n (%) 4(6.8) 10 (15.1) 2.1 >0.05 NS
Dyspnea, n (%) 26 (44.8) 48 (72.7) 9986 <0.05 S
Respiratory distress, n (%) 1(1.7) 38 (57.6) 41.39 <0.001 HS
Diarrhea, n (%) 4(6.8) 4(6.1) 0.036 >0.05 NS

Laboratory parameters
White blood cell count, 109/1, median (IQR) 5.5(4.3-10.5) 7.8(4.8-104) -1.02 >0.05 NS
Neutrophil count, 10%/1, median (IQR) 4(2.7-6.9) 5.5(2.9-8.3) -1.66 >0.05 NS
Lymphocyte count, 10%1, median (IQR) 1.24 (0.9-1.7) 1.1 (0.8-1.5) -0.62 >0.05 NS
Platelet count, 10°/1, median (IQR) 229 (194-259) 246 (168-330)  -0.62 >0.05 NS
Hemoglobin, g/dl, median (IQR) 142 (11.9-154) 14 (13.2-15) -0.58 >0.05 NS
Blood urea nitrogen, mg/dl, median (IQR) 14 (11.5-16.9) 159 (11.7-22) -2.16 <0.05 S
Creatinine, mg/dl, median (IQR) 0.8 (0.7-1.03) 09(0.7-1.05) -0.54 >0.05 NS
Aspartate transaminase, U/l, median (IQR) 23 (15.5-37.25) 34(18-43.25) -1.85 >0.05 NS
Alanine transaminase, U/l, median (IQR) 27 (15-51) 34 (17-54) -0.96 >0.05 NS
C-reactive protein, mg/l, median (IQR) 22 (11.8-48.5) 83 (29-222) -4.51 <0.001 HS
Ferritin, ng/ml, median (IQR) 227 (127-290) 778 (455-1,225) -7.86 <0.001 HS
D-Dimer, ng/ml, median (IQR) 336 (230-451) 1200 (569-1,451) -7.09 <0.001 HS
Serum amyloid A, mg/l, median (IQR) 10 (7-12) 48.5 (34-59) -9.28 <0.001 HS
Carcinoembryonic antigen, ng/ml, median (IQR) 5(5-7) 9 (6-13) -6.04 <0.001 HS

Radiological parameters
CO-RADS score, median (IQR) 1(0.2) 4 (3-5) -8.1 <0.001 HS
Computed tomography-severity score 3(2-8) 15 (8.7-20) -6.82 <0.001 HS

S, significant; HS, highly significant; NS, not significant; IQR, inter-quartile range; CO-RADS, COVID-19 Reporting and Data System.

parameters including CBC, liver enzymes (AST and ALT),
kidney function tests (BUN and creatinine), inflammatory
parameters (CRP, ferritin, and D-Dimer), in addition to SAA
and CEA levels. In this study cohort, the median age was
48 years and the 25-75th IQR was 40-56 years (age range,
25-87 years). A total of 10 patients were >65 years old, consti-
tuting 8% of the entire cohort. Of the 124 cases, 98 (79%) were
men and 26 were women (21%). The median male age was
48.5 years (IQR, 40-54) and the median female age was 44.5
years (IQR, 35-57) (P>0.05).

All patients were divided into two groups as shown
in Table II: Mild or severe COVID-19 infection. Of the
124 patients, 58 patients (46.7%) were classified as having
mild COVID-19, with a median age of 43 years (IQR, 35-52.5)
and 66 patients (53.3%) were classified as having severe
COVID-19, with a median age of 50 years (IQR, 43-56); this
showed a highly significant statistical difference between both
groups with median ages higher in the severe group (P<0.001).

In the severe COVID-19 group, 7 out of 66 (10.6%) patients
were >65 years old compared to three cases out of 58 (5.2%)
in the mild group.

All studied parameters were compared in both groups
and are presented in Table II. Patients with severe COVID-19
(n=66) showed a statistically significant higher median disease
duration of 8 days (IQR, 6-11), while the remaining 58 mild
cases had a median duration of disease of 5 days (IQR, 4-9)
(P<0.001). Regarding laboratory parameters, such as total
WBC, neutrophil, lymphocyte counts, PLT, creatinine, ALT
and AST, there were no significant differences between the
groups (P>0.05; Table II). In the entire cohort, it was noticed
that high serum levels of inflammatory parameters, including
CRP, ferritin and D-Dimer, as well as SAA and CEA,
were predictors of disease severity (Table I); their levels in
severe COVID-19 group were significantly higher than that
in the mild group (P<0.001). Patients with mild COVID-19
showed median SAA levels of 10 ng/ml (IQR, 7-12), while
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Table III. Correlation between SAA and CEA concentration with all the studied parameters.

SAA CEA
Parameter R P-value Significance R P-value Significance
Age 0.349 <0.001 HS 0.328 <0.001 HS
Duration of disease 0.337 <0.001 HS 0.212 <0.05 S
White blood cell count 0.12 >0.05 NS -0.026 >0.05 NS
Neutrophil count 0.179 <0.05 S 0.072 >0.05 NS
Lymphocyte count -0.06 >0.05 NS -0.155 >0.05 NS
Platelet count 0.07 >0.05 NS 0.007 >0.05 NS
Hemoglobin -0.011 >0.05 NS 0.023 >0.05 NS
Blood urea nitrogen 0.345 <0.001 HS 0.296 <0.001 HS
Creatinine 0.118 >0.05 NS 0.15 >0.05 NS
Aspartate transaminase 0.149 >0.05 NS 0.149 >0.05 NS
Alanine transaminase 0.092 >0.05 NS 0.052 >0.05 NS
C- reactive protein 0422 <0.001 HS 0441 <0.001 HS
Ferritin 0.574 <0.001 HS 0.349 <0.001 HS
D-Dimer 0.613 <0.001 HS 0.309 <0.001 HS
Carcinoembryonic antigen 0514 <0.001 HS
CO-RADS score 0.812 <0.001 HS 0434 <0.001 HS
Computed tomography severity score 0.691 <0.001 HS 0374 <0.001 HS

S, significant; HS, highly significant; NS, not significant; IQR, inter-quartile range; CO-RADS, COVID-19 Reporting and Data System;

SAA, serum amyloid A; CEA, carcinoembryonic antigen.

in the severe COVID-19 group, the median SAA was 48.5
(IQR, 34-59), which was significantly higher than that in the
mild group (P<0.001). The median CEA level was 5 ng/ml
(IQR,5-7) while in the severe group, the median CEA level
was 9 (IQR, 6-13), which was significantly higher than that
in the mild group (P<0.001) Table II. The median CT-SS
was significantly higher in the severe group (median, 15;
IQR, 8.75-20) than in the mild COVID-19 group (median, 3;
IQR, 2-8) (P<0.001).

Using Spearman's rank correlation analysis, SAA showed
a highly significant positive correlation with age (r=0.349,
P<0.001) and disease duration (r=0.337, P <0.001). SAA
showed a significant positive correlation with neutrophil
count (r=0.179, P<0.05) and a highly significant positive
correlation with all inflammatory indices, including CRP
(r=0.422, P<0.001), ferritin (r=0.574, P<0.001), D-Dimer
(r=0.613, P<0.001) and CEA (1=0.514, P<0.001). In addition,
SAA showed a highly significant positive correlation with
the CO-RADS score (r=0.812, P<0.001) and CT-SS (r=0.691,
P<0.001) (Table III).

CEA showed a highly significant positive correlation with
age (r=0.328, P<0.001), a significant positive correlation with
disease duration (r=0.212, P<0.05) and a highly significant
positive correlation with all inflammatory indices, including
CRP (r=0.441, P<0.001), ferritin (r=0.349, P<0.001) and
D-Dimer (r=0.309, P<0.001). CEA showed a highly signifi-
cant positive correlation with the CO-RADS score (r=0.434,
P<0.001) and CT-SS (r=0.374, P<0.001) (Table III).

In the multivariate regression model in Table IV, including
age, disease duration, CBC, SAA, ferritin, CEA, CRP,

D-Dimer, BUN, creatinine, AST and ALT, both SAA and
ferritin were the best independent predictors of COVID-19
severity (F=170.861, P<0.001). Furthermore, in another
multivariate regression model for predictors of CT-SS and
pulmonary involvement (Table V), SAA and PLT count
were independent predictors of CT-SS and lung involvement
(F=58.014, P<0.001).

ROC curves showing the performance of SAA, CEA,
ferritin and CRP levels in predicting severity in COVID-19
patients, cutoff value and performance characteristics are
presented in Table VI and Fig. 1. An SAA value of 16 was
predictive of a poor prognosis with a specificity of 93.1%,
sensitivity of 98.5, positive predictive value (PPV) of 94.2,
negative predictive value (NPV) of 98.2, efficiency of 96, and
an AUC of 0.928. In a multi-ROC curve showing the perfor-
mance of SAA in addition to ferritin. Specificity, sensitivity,
PPV, NPV and efficiency were 100% and AUC was equal
to 1.000.

Discussion

COVID-19 is an acute infectious disease caused by
SARS-CoV-2. The initial clinical picture of several patients
may be non-specific. Patients may present with minimal
symptoms, including mild to moderate fever, chills, malaise,
respiratory distress and/or gastroenterological disorders such
as nausea and vomiting (19). In several cases, rapid disease
progression can occur within a few days with ARDS, uncom-
pensated acidosis, septic shock and coagulation dysfunction,
followed by multiple organ failure and death (4,5,20).
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Table IV. Regression model outcomes of significant predictors of COVID-19 severity.

A, Model 1

Item Regression coefficient t P-value Significance F-Ratio P-value Significance
Constant 0.555 1.996 <0.05 S

Age, years 0.001 0.527 >0.05 NS

Duration of disease, days 0.004 0496 >0.05 NS

White blood cell count, 10%/1 -0.12 -1.18  >0.05 NS

Neutrophil count, 10%/1 0.123 1.238 >0.05 NS

Lymphocyte count, 10%/1 0.164 1.557 >0.05 NS

Platelet count, 10%/1 0 0446 >0.05 NS

C-reactive protein, mg/l -0.0000972 -0.284 >0.05 NS

Ferritin, ng/ml 0 436 <0.001 HS

D-Dimer, ng/ml 5.795E-05 1.795 >0.05 NS

Carcinoembryonic antigen, ng/ml 0.026 3045 <0.05 S

Serum amyloid A, mg/1 0.01 5297 <0.001 HS

Monocyte count, 10%/1 0.07 0.522 >0.05 NS

Eosinophil count, 10%/1 0.04 0.236 >0.05 NS

Hemoglobin, g/dl 0.017 1283 >0.05 NS

Blood urea nitrogen, mg/dl -0.007 -1.742 >0.05 NS

Creatinine, mg/dl -0.07 -1.828 >0.05 NS

Aspartate transaminase, U/l 0.003 1.688 >0.05 NS

Alanine transaminase, U/l -0.002 -2.606 <0.05 S

CO-RADS score 0.043 1218 >0.05 NS

CT Severity score -0.001 -0.18  >0.05 NS

Overall 22574 <0.001 HS
B, Model 2

Item Regression coefficient t P-value Significance F-Ratio P-value Significance
Constant 0.854 14.114 <0.001 HS

Ferritin, ng/ml 0 6.903 <0.001 HS

D-Dimer, ng/ml 0.0000732 2723 <0.05 S

Carcinoembryonic antigen, ng/ml 0.027 3577 <005 S

Serum amyloid A, mg/1 0.012 10453 <0.001 HS

Blood urea nitrogen, mg/dl -0.004 -1.237 >0.05 NS

Creatinine, mg/dl -0.105 -3.245 <0.05 S

Aspartate transaminase, U/l 0.003 2317 <0.05 S

Alanine transaminase, U/l -0.002 -2.827 <0.05 S

Overall 60.933 <0.001 HS
C, Model 3

Item Regression coefficient t P-value Significance F-Ratio P-value Significance
Constant 0.871 1609 <0.001 HS

Ferritin, ng/ml 0 6.748 <0.001 HS

D-Dimer, ng/ml 8.154E-05 3.007 <0.05 S

Carcinoembryonic antigen, ng/ml 0.026 3398 <0.05 S

Serum amyloid A, mg/1 0.012 10.381 <0.001 HS

Creatinine, mg/dl -0.116 -4421 <0.001 HS

Alanine transaminase, U/l -0.001 -191 0.059 NS

Overall 77.565 <0.001 HS
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D, Model 4

Item Regression coefficient P-value Significance F-Ratio P-value Significance
Constant 0.856 15983 <0.001 HS

Ferritin, ng/ml 0 6.979 <0.001 HS

Carcinoembryonic antigen, ng/ml 0.026 3329 <0.05 S

Serum amyloid A, mg/1 0.013 11.272 <0.001 HS

Creatinine, mg/dl -0.116 -4263 <0.001 HS

Overall 105489 <0.001 HS

E, Model 5

Item Regression coefficient P-value Significance F-Ratio P-value Significance
Constant 0.97 22718 <0.001 HS

Ferritin, ng/ml 0 6.923 <0.001 HS

Serum amyloid A, mg/1 0.015 13.539 <0.001 HS

Creatinine, mg/dl -0.087 -3.239 <0.05 S

Overall 126.339 <0.001 HS

F, Model 6

Item Regression coefficient P-value Significance F-Ratio P-value Significance
Constant 0915 22492 <0.001 HS

Ferritin, ng/ml 0 6.007 <0.001 HS

Serum amyloid A, mg/1 0.015 12.889 <0.001 HS

Overall 170.861 <0.001 HS

S, significant; HS, highly significant; NS, not significant; CO-RADS, COVID-19 Reporting and Data System; Constant, the average value of

response variable in the absence of all predictors.

The severity and prognosis of COVID-19 are complicated by
the diversity of symptoms, imaging manifestations and the degree
of disease progression (21,22). Consequently, rapid reliable risk
stratification tools and sensitive indicators are required for timely
disease monitoring to develop efficient interventions targeting the
reduction of morbidity and mortality in patients with COVID-19.

RT-qPCR is the primary technique used for accurate
COVID-19 diagnosis. Although PCR detection can determine
whether a patient is infected with COVID-19 (23), this tech-
nique cannot detect disease progression and severity. Several
modalities are used to aid the diagnosis and provide evidence
of disease progression, including chest radiography, CT scans
and biomarkers.

Imaging methods, primarily CT scans, can identify chest
infections and provide a reference for pathogen type determi-
nation. However, the risks related to patient transportation and
examination, in addition to the extra protection required for
healthcare personnel during the examination, can be a disad-
vantage (21,24). Several studies have focused on the role of
inflammatory markers as predictors of severity of COVID-19
infection, including lymphocyte and PLT counts, and CRP,
D-Dimer and ferritin levels (7,25,26).

Considering the above, the current study aimed to evaluate
potential biomarkers, including SAA and CEA, in addition to
other commonly used inflammatory predictors, such as CRP
and ferritin, and their association with COVID-19 severity
and CT scan findings, and to determine their role as beneficial
tools for patient stratification.

Based on COVID-19 severity, the recruited cohort was
divided into two groups: Patients with mild and patients with
severe COVID-19. The median age of the mild group was
43 years, whereas that of the severe group was 50 years, and
the difference was highly significant, suggesting an increased
probability of severe disease in the elderly, as stated by several
studies. These results agree with a study by Zheng et al (27),
where the median age of 161 patients with COVID-19 admitted
to Changsha Public Health Centre was 45 years, the median
age of the severe group was 57 years, and the non-severe group
was 40 years, showing a statistical difference in age between
the two groups. Older age is a risk factor for a more severe
infectious course, and several clinical studies on influenza
virus pneumonia have shown that old age is a risk factor for
severe illness, especially when associated with at least one
underlying disease (27,28). The results of the present study also
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Table V. Multivariate regression models of significant predictors of lung CT severity score.

A, Model 1

Item Regression coefficient P-value Significance F-Ratio P-value Significance
Constant 2.865 0448 >0.05 NS

Age, years -0.035 -0.647 >0.05 NS

Duration of disease, days 0.245 1.387 >0.05 NS

White blood cell count, 10%/1 -1.92 -0.832 >0.05 NS

Neutrophil count, 10%/1 1.765 0.781 >0.05 NS

Lymphocyte count, 10%/1 0.877 0.368 >0.05 NS

Platelet count, 10%1 -0.013 -2.12 <0.05 S

C-reactive protein, mg/l -0.005 -0.686 >0.05 NS

Ferritin, ng/ml 0.001 0.993 >0.05 NS

D-Dimer, ng/ml 0.000 0.149 >0.05 NS

Carcinoembryonic antigen, ng/ml -0.097 -0488 >0.05 NS

Serum amyloid A, mg/1 0.213 6475 <0.001 HS

Monocyte count, 10%/1 3.773 1217 >0.05 NS

Eosinophil count, 10°/1 0.101 0.027 >0.05 NS

Hemoglobin, g/dl 0.316 1.009 >0.05 NS

Blood urea nitrogen, mg/dl 0.214 229 <0.05 S

Creatinine, mg/dl -1.302 -1.479  >0.05 NS

Aspartate transaminase, U/l -0.007 -0.182  >0.05 NS

Alanine transaminase, U/l 0.006 0.375 >0.05 NS

Overall 7.991 <0.001 HS
B, Model 2

Item Regression coefficient P-value Significance F-Ratio P-value Significance
Constant 5.446 3.519 <0.001 HS

Platelet count, 10%/1 -0.016 -3.345 <0.001 HS

Serum amyloid A, mg/1 0.219 9.552 <0.001 HS

Blood urea nitrogen, mg/dl 0.125 1.937 >0.05 NS

Overall 40.805 <0.001 HS
C, Model 3

Item Regression coefficient P-value Significance F-Ratio P-value Significance
Constant 6.817 4898 <0.001 HS

Platelet count, 10%1 -0.015 -3.108 <0.001 HS

Serum amyloid A, mg/1 0.234 10.642 <0.001 HS

Overall

58.014  <0.001 HS

S, significant; HS, highly significant; NS, not significant; Constant, the average value of response variable in the absence of all predictors.

agreed with the results of Liu ef al (29), in which it was stated
that age was an important risk factor for severity in patients
with COVID-19. The median age of the non-severe group was
43 years, and that of the severe group was 64 years (27,29).
In the current study, 10 patients were >65 years old, consti-
tuting 8% of the entire cohort. In the severe COVID-19
group, 7 patients out of 66 (10.6%) compared to 3 cases out
of 58 (5.2%) in the mild group were >65 years taking into

consideration that the current life expectancy for the Egyptian
population in 2021 is 74.3 years, and the number of individuals
aged =60 years is 6.8 million, representing 6.7% of the total
population according to official data by the Central Agency
for Public Mobilization and Statistics (CAPMAS, 2021) (30).
A meta-analysis conducted by Peckham et al (31) on
3,111,714 cases worldwide reported no difference in the
proportion of confirmed COVID-19 cases between men and
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Table VI. Cutoff and performance characteristics of SAA, CEA, ferritin and CRP in predicting severity in COVID-19 patients.

Sensitivity,  Specificity, Positive Negative Area under
Parameter Cutoff % % predictive value  predictive value  Efficiency the curve
SAA, mg/l 16 98.5 93.1 942 98.2 96 0.928
CEA, ng/ml 7 63.6 86.2 84 67.6 742 0.78
Ferritin, ng/ml 397 833 93.1 93.2 83.1 879 0.86
CRP, mg/1 54 63.6 79.3 77.8 65.7 71 0.616
SAA + ferritin 100 100 100 100 100 1.000

SAA, serum amyloid A; CEA, carcinoembryonic antigen; CRP, C-reactive protein.
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Figure 1. Individual and multi-ROC curves showing the performance of all studied parameters in predicting severity in COVID-19 patients. SP, specificity;
Sn, Sensitivity; CRP, C-reactive protein; CEA, carcinoembryonic antigen; SAA, serum amyloid A; Ferr, ferritin; ROC, receiver operating characteristic; NDL:

Non-Diagnostic Line.

women (31). In the present study, several social, cultural and
behavioral differences between the sexes may have contributed
to the high overall male to female ratio (79 to 21%, respec-
tively) seen in this cohort, including habits more common in
men, such as smoking (32,33) and sex-based differences in
hygiene. Additionally, based on anecdotal evidence, men are
likely to leave their houses and enter crowded areas in Egypt.
Furthermore, differences in health-seeking behaviors, unequal
access to healthcare facilities and testing between sexes may
have skewed the data further towards a male bias (34,35).

However, a consistent feature of the COVID-19 pandemic
is the male bias towards severe disease (36). This agrees with
the results of the present study, as 85% (56 out of 66) of the
severe cases were men compared with 15% of women. Male
sex is associated with nearly a 3x risk of requiring intensive
care unit admission and a higher probability of death compared
to women (31).

Fundamental differences in the immune response between
males and females are likely to be the driving factor behind
the significant sex bias observed in severe COVID-19 cases.
Sex differences in innate and adaptive immunity have been
reported, which may account for the reduced risk of severe
disease in females. A robust antiviral innate IFN response
and enhanced adaptive immunity in females, higher numbers
of CD4* T cells, robust CD8* T cells and increased B cell
production of immunoglobulin compared to males, may lead
to more effective viral control in females, and a relatively
lower risk of developing severe disease (37,38). The X chro-
mosome encodes several immune-related genes, which can
be variably expressed on both alleles, increasing the diversity
of the immune response (39). Hormonal differences also play
a role; estradiol augments the immune response in contrast
to testosterone, which was found to suppress the immune
system (40).
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The median WBC, PNL and PLT counts were higher in
the severe group than in the mild group, whereas the lympho-
cyte count was lower. However, the differences between both
groups regarding these parameters were not statistically
significant. Of the 124 COVID-19 positive cases, a high preva-
lence of increased inflammatory marker levels was identified.
These results showed that in all COVID-19 cases, there was an
overall increased level of inflammatory parameters, including
SAA, CEA, CRP and ferritin, in addition to pro-coagulation
markers. D-Dimer levels were similar to the results of previous
studies (29,41,42), and they were significantly higher at
admission in the severe patient group than in the mild group,
whereas total WBC, lymphocyte and PLT counts were within
the normal range, consistent with the results of Li et al (42) and
Wang et al (43).

Huang et al (44) showed that patients with severe
COVID-19 had higher levels of IL-18, IFN-vy, IP-10 and
monocyte chemoattractant protein compared with mild cases,
causing Th1 cell activation and stimulating the production of
SAA, CRP, procalcitonin and PLT. These inflammatory factors
may be useful as indicators reflecting the body's response to
infection (45).

According to Li ef al (42) and Wang et al (43) as the disease
progressed from mild to severe, SAA and CRP levels increased,
while lymphocyte counts gradually decreased. However, WBC
and PLT were all within normal ranges, suggesting that SAA
and CRP are closely related to disease classification, while
WBC and PLT are of little significance.

SAA showed a highly significant positive correlation with
age, disease duration, neutrophil count and all inflammatory
indices, including CRP, ferritin, CEA and D-Dimer in the
present study. Similarly, CEA showed a significant positive
correlation with age, disease duration and all inflammatory
indices. Additionally, both SAA and CEA levels showed a
highly significant positive correlation with the CT-SS. These
results agreed with the results from various studies showing
significantly higher SAA levels in PCR positive COVID-19
cases, and significant associations between SAA levels
and the number of COVID-19 cases, severity and mortality
rate (29,41,42).

SAA is an acute phase protein produced by the liver and
is induced by cytokines, including IL-1p, IL-6 and TNF-a.
SAA promotes an inflammatory response by activating
chemokines and inducing chemotaxis, even at very low
concentrations (46,47). In current clinical practices, SAA is
frequently used as an indicator for monitoring of inflammation
and estimation of prognosis (48,49). SAA showed promising
results when used to monitor the effectiveness of antibiotics
(cefotiam and Augmentin) in early onset neonatal sepsis
according to a study by Liu ez al (49).

Previous studies have shown that patients with severe ARDS
have significantly increased levels of SAA, suggesting that
SAA could be used as a biomarker to monitor the progression
of respiratory diseases (50,51). As stated by Cheng et al (52), in
a study involving 89 COVID-19 patients, dynamic changes in
SAA could be used to predict prognosis.

In the present study, serum CEA levels were significantly
higher in patients with severe COVID-19 than in those with
a mild infection. Moreover, higher serum CEA levels were
associated with a higher CT-SS. A limited number of studies

reported elevated serum CEA levels in COVID-19 patients
with significantly increased CEA levels compared with
healthy controls, and a potential association between CEA
and CRP levels was reported (53,54). However, its role in
predicting clinical outcomes or CT involvement in patients
with COVID-19 is still under investigation. The present study
validated the previous results that CEA levels were related to
COVID-19 severity. Moreover, the association between CEA
levels and CT scores were also validated, which are in agree-
ment with the findings of Chen et al (41).

CEA is a biomarker of adenocarcinoma in respiratory or
digestive system cancers, in addition to non-neoplastic lung
diseases (55,56). Increased CEA expression was detected in
type II pneumocytes in allergic bronchopulmonary aspergil-
losis (57) and atypical epithelial proliferation in idiopathic
pulmonary fibrosis (13,58). Bronchiolar and type II alveolar
epithelial cells are the main targets of SARS-CoV-2 in
the lungs. SARS-CoV-2 infection-induces massive type II
alveolar epithelial cell death and aberrant regeneration of
type II pneumocytes along with the production of CEA, such
as that observed in the uncontrolled proliferation in lung
adenocarcinoma. Moreover, atypical epithelial and fibroblast
proliferation may also worsen the obstruction of bronchioles
and lung consolidation, causing refractory hypoxemia along
with worse CT scores (59,60).

Consequently, it is possible that serum CEA levels may
correlate with the severity and prognosis of COVID-19. Based
on the relationship between CEA and type II pneumocyte
hyperplasia and lung fibrosis, medications such as nintedanib,
which target atypical epithelial and fibrotic proliferation, may
be a potential therapeutic option to decrease mortality in
patients with COVID-19 (41).

Anelevated D-Dimer level represents microangiopathy and
a hypercoagulable state in COVID-19 patients (61). COVID-19
is implicated in aggressive pro-inflammatory responses
causing endothelial cell dysfunction and excessive thrombin
formation (62), which can be responsible for oxygen desatura-
tion and respiratory distress seen in severe cases (63,64). In
the present study, D-Dimer levels were significantly higher
in patients with severe COVID-19, and there was a highly
significant positive correlation with SAA and CEA in addition
to CRP and ferritin levels. These results are also in agreement
with a retrospective study of 183 patients with COVID-19
performed by Tang et al (65) which showed a significant
increase in D-Dimer levels and fibrin degradation products,
and this was indicative of a poor prognosis.

Similarly, CRP is also an acute phase protein, the levels
of which rise rapidly, and the rate of increase is positively
correlated with the severity of infection (7,29). A higher CRP
level is linked to an increased risk of severe COVID-19 and
may contribute to pneumonia, ARDS and the rapid multiple
organ damage (7,66). According to a study by Liu et al (66),
elevated CRP and decreased albumin levels were important
factors affecting the prognosis of COVID-19.

Ferritin is another crucial mediator of the immune
response that showed a statistically significant increase in
severe COVID-19 cases, and showed a highly significant
positive correlation with SAA levels in addition to CEA, CRP
and D-Dimer levels in the present study. Increased ferritin
levels may be implicated in the cytokine storm due to its



Bzl SPANDIDOS
7] ,§, PUBLICATIONS

direct immunosuppressive and pro-inflammatory effects (25).
Efstathiou et al (67) indicated that viral infections increased
ferritin levels. This finding may be attributed to the fact that
the inflammatory mediators induce an increase in ferritin
levels, in addition to denaturation and necrosis of cells to
break down cell membranes, causing a leakage of ferritin from
damaged cells (68).

The results of the present study showed that the levels of
SAA, CEA, CRP and ferritin increased as the disease severity
increased. CT imaging is an important clinical diagnostic
tool for evaluating COVID-19 infections. According to the
correlation analysis in this study, SAA, CEA, CRP and ferritin
levels at admission were highly correlated with the CT-SS,
suggesting a possible role in predicting disease progression.

ROC curve analysis was used to comprehensively and
accurately compare and evaluate the diagnostic performance
of SAA, CEA, CRP and ferritin levels on admission and to
explore their clinical and prognostic utility. The results of
the current study showed that the AUC was highest for SAA,
followed by ferritin, CEA and CRP. According to the multivar-
iate regression analysis and ROC curve results, the combined
use of SAA and ferritin was more sensitive than SAA or
ferritin alone as predictors of severity, as their combination
had the highest predictive value for disease severity, with an
AUC of 1.000.

Accordingly, the combined detection of SAA and ferritin
may have guiding significance for assessing the severity, disease
progression and prognosis of COVID-19 cases. This may aid
effective intervention measures to be implemented in timely
manner and reduce the rates of severe illness and mortality, as
we continue to face upcoming waves of COVID-19.

The present study has some limitations. The elevations
in SAA and CEA may have been due to various other condi-
tions and comorbidities, which themselves may be associated
with a higher COVID-19 risk. Additionally, this study was a
single-center study with a relatively small cohort, which may
have limited the power of the statistical analyses.

In conclusion, the combined detection of SAA and ferritin
may have guiding significance for the severity of COVID-19
and may be correlated with CT-SS in patients with COVID-19.
Serum CEA levels were correlated with the severity of the CT
scores and the prognosis of COVID-19. Therefore, assessment
and monitoring of these laboratory markers at the earliest
stage of the disease may have a significant impact on halting
disease progression and decreasing mortality. Further prospec-
tive and multicenter studies with validation cohorts should be
performed in the future.
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